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Introduction
Drooling is a stigmatizing affliction for a significant proportion of cerebral palsy (CP) patients. Profuse drooling is embarrassing to patients and their families and may interfere with effective communication and schooiwork. Some patients require nearly constant attention from caregivers to prevent salivary overflow. Drooling has also been cited as a frequent reason for institutionalization (1) . Although there are medical complications, such as sores around the mouth and neck and, on rare occasions, dehydration (2) , the most pronounced complications of drooling are psychosocial.
Successful elimination of drooling may benefit patients by improving self-esteem and interpersonal relationships. To date, treatment for uncontrolled drooling has consisted of medication, radiotherapy, behavior modification, and oral-motor physiotherapy. Surgical options are considered a last resort. A rational approach to current treatment options will be considered.
Pathophysiology of Drooling in CP
Although hypersalivation occasionally occurs in CP patients (3) , drooling is primarily a consequence of dysfunctional swallowing (1, (3) (4) (5) (6) . Most evidence to date indicates that CP patients who drool lack oralmotor control. The oral phase of swallowing is a complex behavior under voluntary motor control in which the lips (orbicularis oris), tongue, and cheeks (masseter and buccinator) must maintain a tight lip seal in order to transport ingested material to the back of the throat for initiation of the involuntary swallow reflex (pharyngeal swallow) (4) . Wilkie (5) was the first to analyze the problem of drooling in relation to oral-motor dysfunction. He presented cineradiographic evidence of uncoordinated tongue and lip movements in subjects who were unable to cup and propel the bolus backward without seepage into the buccal pouches and sublingual gutters. Ataxic lip movements then allowed the material to escape from the mouth. Pharyngeal and esophageal phases of swallowing were normal. Subsequent work by Ekedahl (6) concentrated on the pharyngeal and esophageal phases of swallowing in CP patients with uncontrolled drooling. In addition to tongue incoordination, subjects manifested oropharyngeal reflex delay, spastic contraction of the pharyngo-esophageal sphincter, and discoordination between the oral and pharyngeal phases of swallowing.
Children with CP sivallow less frequently than normal children, and children with CP who drool swal-low at 45% of the normal rate (4). Electromyographic patterns of CP patients who drool have clearly demonstrated ataxia in the oral phase of swallowing (4) .
Tests of oral stereognosis ability suggest that CP patients who drool may have an oral sensory integration deficit (7, 8) . Other factors that may contribute to drooling in CP, besides inefficient and infrequent swallowing, include postural considerations, such as sitting position (9-11), &dquo;fish mouth&dquo; posture (2, 9, (12) (13) (14) , and poor head control (1, 14, 15) . Anterior dental malocclusion (16, 17) and blocked nasal passages (rhinitis, sinusitis, or large adenoids) that lead to mouth breathing (13, 14, 18) are structural considerations that need further investigation.
Neurogenic Drooling
The severity of a patient's drooling can vary considerably over time (19, 20) . Therefore, accurate and reliable quantification techniques must be employed in order to adequately diagnose or assess the progress of a patient. A technique using radioisotopes has been developed for objective quantification of drooling, but it is a complicated technique that exposes subjects to unnecessary radiation (9) . The weighing of saliva collected on a bib (21) or in a cup attached to the chin has been tried (22) , but measurements must be taken frequently to prevent evaporation. Counting the number of bib or clothing changes per day can only approximate drooling rates (3) .
Recently, an accurate and noninvasive quantification system consisting of a collection cup attached to an airtight collection chamber has been developed. Saliva is collected during five thirty-minute sessions to assure reliability (19) . This system allows for a more objective look at clinical outcome studies.
Medical IZehabilifative Management
The mainstays of treatment for drooling are oralmotor physiotherapy and behavior modification, including biofeedback. Oral-motor programs are designed to improve tongue mobility and position, jaw position and stability, and lip closure by increasing proprioception in these regions (10) . Repetitive oral sensory stimulation is often utilized. A detailed description of such therapies is beyond the scope of this paper.
Infantile tongue thrust, a normal reflex during infancy but an abnormality in children and adults, is an oral-motor disorder associated with neurogenic drool-ing (11) . Animal studies have demonstrated that application of vibration on the masseter and anterior digastric muscles produces a reflex inhibition of tongue protrusion (genioglossus muscle) (23) . Using vibration as the stimulus to increase masseter and digastric proprioception, drooling has been reduced in human subjects (11) . Measurements of improvement were subjective and unvalidated.
Techniques designed to facilitate mouth closure have proven partially successful (24) . Chin cups have been tried with concomitant neuromuscular reeducation. These rehabilitation strategies emphasize oral seal, drooling awareness, tongue mobility, and the ability to swallow on command. Results to date favor this combined approach (21) .
Removable orthodontic appliances have been designed to provide prolonged sensory stimulation and to facilitate voluntary oral-motor control. An orthodontic &dquo;monobloc&dquo; can be utilized to provide mandibular support and prevent abnormal tongue protrusion. Reports were positive but lacked objective measurements (18) . In an uncontrolled study, orthodontic plates equipped with a stimulator device were reported to decrease drooling by improving tongue posture and mobility (25) .
Although oral sensori-motor therapy appears to benefit some individuals, this form of rehabilitative therapy needs more rigorous clinical evaluation.
Behavior Modification and Biofeedback
Recently, electromyographic biofeedback training of the oral musculature has been attempted in children with CP. An auditory tone stimulus can be used as the cue for the children to monitor their muscle tone and swallowing frequency. Initial results indicate that biofeedback training decreases drooling rates significantly. Sustained improvement has been attributed to more efficient oral-motor performance rather than increases in swallowing frequency (26) . Longterm follow-up studies of this technique appear warranted.
Most cerebral-palsied children studied to date need an auditory cueing device for long periods of time in order to maintain the swallowing habit (27) . Prompts for self-controlled swallowing appear more effective than positive reinforcement (12) .
Operant conditioning with positive reinforcement for the reduction of drooling in CP has been noted to help some individuals (28) . Subjective measurements and small sample sizes have limited the value of these reports. The need for more scientific rigor in this area of research deserves emphasis (12, 20) .
The best candidates for behavior modification are those with relatively good oral-motor skills, a moderate problem with drooling, and motivation to improve (17) . Conservative treatments are not as beneficial to patients with severe drooling (10) . Whether or not patient insight or awareness of drooling affects treatment outcome remains to be seen (15, 27) .
Other Therapies
Radiation of the salivary glands to reduce salivary secretions has been employed but can not be recommended as a therapy for drooling due to the risk of future neoplasms (13) . Pharmacologic cemediation of drooling has been limited by the well-known sideeffects of anticholinergic medication (13, 29) . However, a recent study has demonstrated a significant decrease in drooling without significant side-effects after treatment of CP patients with the synthetic anticholinergic benztropine (1-6 mg/day) (30) .
Surgical Procedures
Surgical treatment options should be considered when the patient has had at least six months of conservative medical management without success or when the patient is unable to cooperate with a rehabilitative program (31) . Drooling can be a normal occurrence in children under the age of six and may resolve itself as the nervous system matures. Therefore, surgical treatment should be deferred until function has maintained a plateau for a minimum of six months (17) . The goal of surgery is to eliminate drooling as much as possible while maintaining a moist oral cavity. It is difficult to completely eliminate drooling without the risk of xerostomia (16) .
The Wilkie technique can be utilized to attempt surgical correction of drooling by rerouting the parotid ducts to the tonsillar fossa, thereby bypassing the dysfunctioning oral phase of swallowing (5, 22) . Subsequent modification of this procedure has included excision of the submandibular glands in order to optimize surgical results (32) . Initial success with this combined approach has been tempered by reports of significant morbidity (13, (32) (33) (34) (35) (36) .
Parotid duct ligation with submandibular gland resection has had similar success rates but with lower post-operative morbidity and shorter hospital stays (37, 38) . Both of these procedures successfully reduce drooling, but are major surgical procedures.
Bilateral tympanic neurectomy alone or in combination with chorda tympanic neurectomy decreases drooling by interrupting parasympathetic innervation to the salivary glands. However, as the parasympathetic nerves regenerate, drooling returns, and loss of taste sensation may be permanent (16, 39, 40) .
Bilateral submandibular duct relocation has become the procedure of choice because it requires no external incisions. It follows the same premise as the Wilkie procedure, but it is technically easier, producing less post-operative morbidity. It is logical to target the submandibular glands because they provide up to 70% of salivary flow (14) . Significant improvement has been noted in 75 to 100% of the patients, with up to 52% of the patients' drooling being completely abolished (14, 17, 41, 42) . Complications include duct obstruction (ranulas), submandibular inflammation, and swelling (31) .
Conclusions and Guidelines for Therapy
Because children with CP may have several factors contributing to incessant drooling, an integrated team evaluation and treatment algorithm is recommended (Figure 1.) (10, 17, 43, 44) . A speech pathologist and an otolaryngologist can delineate the extent and nature of the patient's drooling problem, contributing factors, and a definitive treatment approach. Dental evaluation is recommended for identification of oral-structural barriers that impede mouth closure. A physical therapist in conjunction with a rehabilitation engineer may be required to address poor head control, posture, and positioning.
Structural and postural problems should be addressed first. Once remediated, a program of biofeedback in conjunction with oral-motor physiotherapy is the current treatment of choice. A trial on the anticholinergic benztropine should be considered when biofeedback and oral-motor physiotherapy do not achieve treatment objectives. When interdisciplinary rehabilitative measures are unsuccessful, surgical options merit serious consideration. The procedure of choice is bilateral submandibular duct relocation. Occasionally; multiple surgeries are required.
Many treatment options are available for the drooling patient. Poor study designs and technical deficiencies in measuring salivary overflow make the benefits of current therapies unclear. Controlled, rigorous scientific investigation of medical and surgical treatment of drooling are required to delineate the benefits of therapy. Figure 1 Guidelines for the management of drooling.
